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Abstract 

Objective: Antioxidants are considered as the main factors in the inhibition of unwanted oxidation 
reactions. 

Materials and Methods: In this research the antioxidant potential of the fresh fruits of 4 cultivars (A 
to D) of Malus domestica (M. domestica) cultivated in the Kashan, Qamsar area was evaluated. The 
antioxidant activity of the samples were evaluated using two complementary antioxidant assays: 2, 2- 
diphenyl-l-picrylhydrazyl (DPPH) and -carotene/linoleic acid tests and the results were compared 
with the synthetic standard antioxidant butylated hydroxytoluene (BHT). 

Results: Total phenolic contents of the samples are also estimated by Folin-Ciocalteu's phenol test. In 
both DPPH -carotene/linoleic acid tests in the concentration of 2 mg/ml, only samples from cultivar 
A showed moderate antioxidant activity with 63.92+0.42 and 6.02+0.03 inhibition percentages, 
respectively and other samples were weakly active. 

Conclusion: The Folin-Ciocalteu's phenol test was also showed very little phenolic compounds for 
the fruits. In conclusion, weak antioxidant activity was estimated for the studied apple cultivars. 
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Introduction 

Free radicals are present in biological 
systems and may oxidize all the biological 
molecules present in our body, such as 
nucleic acids, proteins, lipids, initiating 
degenerative diseases (Cook et al., 1996; 
Harborne et al, 2000; Heim et al., 2002). 
Antioxidants are substances that neutralize 
free radicals and their negative effects. 
Antioxidants can inhibit or delay the 
oxidation of oxidizable substrates and this 
appears to be very important in the 
prevention of oxidative stress which is 
suggested as the leading cause of many 
oxidation related diseases (Bamoniri et al., 
2010). 

Also antioxidants are substances that are 
able to prevent or retard the oxidation of 
lipids, proteins and DNA; and to protect the 
compounds or tissues from damage caused 
by oxygen or free radicals. Therefore, their 
health promoting effects reduce the risk of 
various diseases (Manach et al., 
2004). Recently, antioxidant activity has 
been determined in many species of fruits, 
vegetables, herbs, cereals, sprouts and 
seeds (Kahkonen et al., 1999; Velioglu et 
al., 1998). Especial attention is paid to 
fruits, as rich sources of phenolic 
compounds (Kalt et al., 1999; Robards et 
al., 1999; Wang & Lin., 2000). Among 
others, the antioxidant properties of apple 
polyphenols have been extensively 
examined (Ju & Bramlage., 1999; Lu & 
Foo., 2000; Robards et al., 1999). Apples 
have the highest levels of antioxidant 
activity (Chinnici et al., 2004). Activity and 
concentration of antioxidants in fruit differ 
among cultivars, the part of the fruit, the 
growth stage and environmental conditions 
(Awad et al., 2001a, b, c; Addie et al., 
2001). 

Apple fruit contain several health and 
sensory related constituents including 
dietary fiber, sugars, vitamins and phenolic 
compounds(Hagen et al., 2007). The 
antioxidant capacity of apple is mostly 
attributed to phenolic compounds such as 
flavonoids and phenolic acids (Eberhardtet 
al., 2000; Lee et al, 2003). 



M. domestica Borkh. is one of the most 
commonly consumed fruit worldwide 
(Shoji et al., 2004) and we collected 
samples named Hossain, Sayyed Babaeei, 
Shekareh and Golab, were randomly named 
as A, B, C and D, from Iran. 

These samples have been cultivated 
since most past times are medium in size 
with a circular shape. The yellow-pink 
skins are thin, rather wax-like, and the 
white fleshes are soft, juicy, aromatic and 
sweet. Because of staying on the tree, the 
skin color of these 4 apple cultivars 
changes gradually and becomes red. Thus, 
the present research reports (1) the in vitro 
profile of the antioxidant activity of the 
fruit extracts using two complementary 
assays: DPPH radical and -carotene 
linoleic acid tests; (2) the total phenolic 
content of the fruit extracts, expressed as 
gallic acid equivalents. 

Materials and Methods 
Fruit collection 

Fresh fruit samples from Hossain, 
Sayyed Babaeei, Shekareh and Golab apple 
cultivars were collected in the Kashan, 
Qamsar area in the June 2008 when the 
fruit had just been harvested. 

Extraction procedure 

Apples characterized by plant 
taxonomist, immediately transported to the 
laboratory, washed, dried, cut manually 
with a knife into small pieces, whole fruit 
except seeds extracts were obtained using a 
kitchen-type blender (Moulinex, France) 
and concentrated with a rotary evaporator. 

Solvents and chemicals 

2, 2-Diphenyl-l-picrylhydrazyl (DPPH) 
radical, -carotene, linoleic acid, 2,6-di- 
tert-butyl-4-methylphenol (butylated 
hydroxytoluene, BHT) and gallic acid were 
procured from Sigma-Aldrich Chemie 
(Steinheim, Germany). Analytical grade 
methanol, ethanol, and dimethylsulfoxide 
(DMSO), HPLC grade chloroform, 
standard Folin-Ciocalteu's phenol reagent, 
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sodium carbonate, Tween 40, and all 
cultures media were obtained from Merck 
(Darmstadt, Germany). Ultra pure water 
was used for the experiment. 

Antioxidant activity DPPH radical 
scavenging 

The 2, 2-diphenyl-l-picrylhydrazyl 
(DPPH) radical assay usually involves 
hydrogen atom transfer reaction but, based 
on kinetic data, an electron transfer 
mechanism has also been suggested for this 
assay (Huang et al., 2005; Foti et al., 2004). 
Radical scavenging activities of the plant 
essential oil and extract were determined 
using a published DPPH radical scavenging 
activity assay method (Sarker et al., 2006) 
with minor modifications. 

Briefly, stock solutions (10 mg/ml each) 
of the extracts and the synthetic standard 
antioxidant BHT were prepared in 
methanol. Dilutions are made to obtain 
concentrations ranging from 1 to 5xl0 10 
mg/ml. Diluted solutions (1 ml each) were 
mixed with 1 ml of a freshly prepared 80 
ug/ml DPPH radical methanol solution and 
allowed to stand for 30 min in the dark at 
room temperature for any reaction to take 
place. Absorbance values of these solutions 
were recorded on an ultraviolet and visible 
(UV-Vis) spectrometer (Cintra 6, GBC, 
Dandenong, Australia) at 517 nm using a 
blank containing the same concentration of 
DPPH radicals. Inhibitions of DPPH radical 
in percent (1%) were calculated as follow 
(Gholivand et al., 2010): 

1% = [(A blank - A sample )/A blank ] x 100 

In this research, dilution wasn't performed 
due to low concentration of extracts and 
low inhibitory percentage. Where A b i an k is 
the absorbance value of the control reaction 
(containing all reagents except the test 
compound) and A samp i e is the absorbance 
values of the test compounds. The sample 
concentration providing 50% inhibition 
(half-maximal inhibitory concentration, 
IC50) was calculated by plotting inhibition 



percentages against concentrations of the 
sample. 

-Carotene/linoleic acid bleaching 

The -carotene/linoleic acid test 
evaluates the inhibitory effect of a 
compound or a mixture on the oxidation of 
-carotene in the presence of molecular 
oxygen (O2). Assay of the remained - 
carotene gives an estimation of the 
antioxidant potential of the sample. The 
method described by Miraliakbari and 
Shahidi (2008), was used with slight 
modifications. A mixture of -carotene and 
linoleic acid was prepared by adding 
together of 0.5 mg -carotene in 1 ml 
chloroform (HPLC grade), 25 ul linoleic 
acid and 200 mg Tween 40. The 
chloroform was then completely evaporated 
under vacuum and 100 ml of oxygenated 
distilled water was subsequently added to 
the residue and mixed gently to form a 
clear yellowish emulsion. The essential oil, 
extract and BHT (positive control) were 
individually dissolved in methanol (2 g/1) 
and 350 ul volumes of each of them were 
added to 2.5 ml of the above emulsion in 
test tubes and mixed thoroughly. The test 
tubes were incubated in a water bath at 50 
°C for 2 h together with a negative control 
(blank) contained the same volume of 
methanol instead of the extracts. The 
absorbance values were measured at 470 
nm on an ultraviolet and visible (UV-Vis) 
spectrometer (Cintra 6, GBC, Dandenong, 
Australia). Antioxidant activities 
(inhibitions percentage, 1%) of the samples 
were calculated using the following 
equation (Bamoniri et al., 2010): 

1% — (A carotene after 2-h assay/ Aj n iti a i -carotene) 100 
Where A _ ca rotene after 2-h assay is the 

absorbance values of -carotene after 2 h 
assay remaining in the samples and A^Mai - 
carotene is the absorbance value of -carotene 
at the beginning of the experiments. All 
tests were carried out in triplicate and 
inhibition percentages were reported. 
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Total phenolics 

Total phenolic constituents of extracts of 
4 apple cultivars were determined by 
literature methods involving Folin- 
Ciocalteu's phenol reagent and gallic acid 
standard (Slinkard & Singleton., 1977). A 
solution of the extract (0.1 ml) containing 
1000 ug of the extract was pipetted into a 
50 ml volumetric flask, 46 ml distilled 
water and 1 ml Folin-Ciocalteu's phenol 
reagent were added, and the flask was 
thoroughly shaken. After 3 min, 3 ml of 2% 
Na 2 CC>3 solution was added and the mixture 
was allowed to stand for 2 h with 
intermittent shaking. Absorbance values 
were measured at 760 nm. The same 
procedure was repeated for all the standard 
gallic acid solutions (0-1000 lg/0.1 ml) and 
a standard curve obtained with the 
following equation (Bamoniri et al., 2010): 

Absorbance = 0.0012 x gallic acid ( g) + 0.0033 

Total phenols of the extract, as gallic acid 
equivalent, was determined by using the 
absorbance value of the extract measured at 
760 nm as input to the standard curve and 
the equation. Test was carried out in 
triplicate and gallic acid equivalent value 
was reported. 



Results 

DPPH 

DPPH radical scavenging activity 
potentials of fruit extract were evaluated for 
the assessment of their antioxidant 
capacities and compared with BHT (the 
standard commercial synthetic antioxidant). 
Among the above mentioned extracts, the 
best radical scavenging activity against 
DPPH was observed in cultivar A 
(63.92+0.42%) in the concentration of 2 
mg/ml. The results obtained from 4 apple 
cultivars and BHT are presented in Table 1. 



Table 1 . DPPH radical scavenging activity 
(percentage + SD) of 4 apple cultivars in the 
concentration of 2 mg/ml. 



Sample 


Inhibition (%) 


A 


63.92 + 0.42 


B 


39.60 + 0.75 


C 


19.99 + 0.24 


D 


43.16+1.92 


BHT" 


96.65 + 0.15 



a In concentration of 0.5 mg/ml. 



-Carotene/linoleic acid 

The potential of the plant to inhibit lipid 
peroxidation was evaluated using the 
carotene/linoleic acid bleaching test. In - 
carotene/linoleic acid tests in the 
concentration of 2 mg/ml, only samples 
from cultivar A showed 6/015 ± 0/003 
inhibition percentages. The results of 4 
apple cultivars and standard (BHT) are 
presented in Table 2. 

Table 2. Antioxidant activity of -carotene/linoleic 
acid bleaching assay method (percentage + SD) of 4 
apple cultivars in the concentration of 2 mg/ml. 



Sample 


-carotene bleaching (%) 


A 


6.02 + 0.03 


B 


4.24+ 0.56 


C 


1.00 + 0.05 


D 


3.16+0.08 


BHT 


96.40 + 0.07 



Total phenolic constituents 

Total phenolic content of the plant 
extracts were determined using a 
colorimetric assay method based on Folin- 
Ciocalteu reagent reduction. 

The Folin-Ciocalteu's phenol test was 
also showed very little phenolic compounds 
for the fruits. The amounts of total phenols 
found in the fruit extracts are shown in 
Table 3. 
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Table 3. The contents of total phenol of 4 apple 
cultivars. 

Sample Total phenol contents (ug/mg) 

A 0 + 0 

B 0 + 0 

C 0 + 0 

D 1.5 + 0.42 



Discussion 

The measurement of the antioxidant 
capacity of food extracts and pure 
compounds is commonly performed using 
several methods. Each method relates to the 
generation or use of a different radical that 
is directly involved in the oxidative 
process, acting through a variety of 
mechanisms. Among the various assays, we 
selected the DPPH and -Carotene/linoleic 
acid assays to determine the antioxidant 
activity of fruit extracts. 

During DPPH radical test, the capacity 
of the samples to donate hydrogen atom 
and/or electron to this blue/purple stable 
radical and converting it to yellow 
diphenylpicrylhydrazine molecule was 
measured (Tepe et al., 2005). This reaction 
is used for measuring the ability of the 
extracts or pure molecules (such as BHT) 
to scavenge free radicals. Our results 
estimate a mild antioxidant potential for the 
cultivar A while other samples were weakly 
active. 

Results of antioxidant test of 4 apple 
cultivars showed that none of 4 samples did 
not have high antioxidant properties at 2 
mg/ml concentration but only cultivar A 
showed %64 inhibitory power.lt is to be 
noted that the extracts were prepared with 
low concentration, therefore samples were 
not diluted. 

These findings are in agreement with 
measured total phenolic contents of the 
samples (Drogoudi et al., 2008; Lata, 2007; 
D Abrosca et al, 2007; Tsao et al., 2005; 
Vieira et al., 2009). 

-Carotene/linoleic acid test of 4 apple 
cultivars showed the same results as 



antioxidant test with the exception that 
cultivar A showed greater inhibitory power 
(%6) compared to DPPH procedure. 

This finding is in contradiction with 
findings of Garcia et al., 2009; Lata et al., 
2009; Lee et al., 2003; Bandoniene and 
Murkovic., 2002; Kondo et al., 2002; which 
might be due to different cultivars they 
have selected under different climatic 
conditions. 

The basic structure of the phenols and 
other structural factors play a fundamental 
role in the mechanism by which these 
compounds are able to scavenge free 
radicals (Sadeghipour et al., 2005). As 
underlined also by others (Lata et al., 2009; 
Lata, 2008), it is difficult to compare the 
content of apple phenolic among different 
studies, as many variations can be 
principally caused by different growth 
period, geographic location, storage type, 
genetic diversity and many other factors. 

The results, expressed as gallic acid 
equivalents, were 0 ug/mg and 1.5+0.6 for 
the extracts of apples, respectively. 

These values are comparable to the 
values reported in the literature for other 
apple cultivars, such as Golden Delicious, 
Stark Delicious, Mora, Nesta, Panaia-red 
and Ruggine (Iacopini et al., 2009). 
Phenolic compounds normally play main 
role in the antioxidant activity of the plant 
extracts, thus, low DPPH antioxidant 
activity of our samples may be related to 
their negligible total phenolic compounds 
contents. Folin-Ciocalteu test showed that 
there is low percentage of phenolic 
compounds in all samples which is in 
accordance with antioxidant tests. 

Overall conclusions was that all samples 
did not show high antioxidant power and 
only cultivar A showed higher antioxidant 
power, which might be due to the presence 
of phenolic compounds. 

Conclusions 

Natural products, especially those 
produced by edible and medicinal plant 
species, are currently under special interest 
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as food additive due to their safety, 
usefulness and accessibility. In this study, 
we have focused on antioxidant activity and 
total phenolic compounds of apples. Our 
results conclude that the phenolic content, 
the radical-scavenging and antioxidant 
properties of old local apple varieties 
demonstrate that these new cultivars could 
be a good source of phytochemicals, 
bioactive compounds with important 
protective properties. These local apple 
cultivars could be also considered as an 
important source of genes for apple 
breeding program and for the production of 
value added apple cultivar. Thus, further 
studies on local and ancient varieties for 
determining of their biological potentials 
have are highly recommended. 

Acknowledgments 

The authors appreciate the financial 
support made by the Essential Oils 
Research Institute, University of Kashan, 
Kashan, Iran and Department of 
Hortiscience, Tehran Science and Research 
Branch, Islamic Azad University, Iran. 

Conflict of interest 

There is not any conflict of interest in 
this study. 



References 

Awad MA, de Jager A, Dekker MJongen 
WMF (2001) a. Formation of fiavonoids and 
chlorogenic acid in apples as affected by 
crop load. Sci Horti, 91: 227-237. 

Awad MA, de Jager A, van der Plas LHW, van 
der Krol AR (2001) b. Flavonoid and 
chlorogenic acid changes in skin of "Elstar' 
and "Jonagold' apples during development 
and ripening. Sci. Horti, 90: 69-83. 

Awad MA, Wagen makers PS, de Jager A 
(2001) c. Effects of light on flavonoid and 
chlorogenic acid levels in the skin of 
^Jonagold' apples. Sci. Horti, 88: 289-298. 

Bamoniri A, Haghir Ebrahimabadi A, 
Mazoochi A, Behpour M, JookarKashi F, 
Batooli H. 2010. Antioxidant and 
antimicrobial activity evaluation and 
essential oil analysis of Semenovia 



tragioides Boiss. from Iran. Food Chem, 
122: 553-558. 

Bandoniene D, Murkovic M. 2002. On-line 
HPLC-DPPH screening method for 
evaluation of radical scavenging phenols 
extracted from apples {Mains domestica L.). 
J Agri Food Chem, 50: 2482-2487. 

Chinnici F, Bendini A, Gaiani A, Riponi C. 
2004. Radical scavenging activities of peels 
and pulps from cv. Golden delicious apples 
as related to their phenolic composition. J 
Agric Food Chem, 52, pp. 4684-4689. 

Cook NC, Samman S. 1996. Flavonoids- 
Chemistry, metabolism, cardioprotective 
effects, and dietary sources. Nutr Biochem, 
7, 66-76. 

D Abrosca B, Pacifico S, Cefarelli G, 
Mastellone C, Fiorentino A. 

2007. Limoncella apple, an Italian cultivar: 
Phenolic and flavonoid contents and 
antioxidant activity. Food Chem, 104: 1333- 
1337. 

Drogoudi PD, Michailidis Z, Pantelidis G. 

2008. Peel and flesh antioxidant content and 
harvest quality characteristics of seven apple 
cultivar. Sci Horti, 115: 149-153. 

Eberhardt MV, Lee CY, Liu RH. 2000. 
Antioxidant activity of fresh apples. Nature, 
405: 903-904. 

Foti MC, Daquino C, Geraci C. 2004. Electron- 
transfer reaction of cinnamic acids and their 
methyl esters with the DPPH radical in 
alcoholic solutions. J Org Chem, 69: 2309- 
2314. 

Garcia YD, Valles BS, Lobo AP. 2009. 
Phenolic and antioxidant composition of by- 
products from the cider industry: Apple 
pomace. Food Chem, 117: 731-738. 

Gholivand MB, Rahimi Nasrabadi M, Batooli 
H, Haghir Ebrahimabadi A. 2010. Chemical 
composition and antioxidant activities of the 
essential oil and methanol extracts of 
Psammogeton canescens. Food Chem 
Toxicol, 48: 24-28. 

Hagen SF, Borge Grethe Iren A, Bengtsson 
GB, Bilger W, Berge A, Haffner K, Solhaug 
KA. 2007. Phenolic contents and other 
heath and sensory related properties of apple 
fruit (Malus domestica Borkh.cv. Aroma): 
effect of postharvest UV-B irradiation. 
Postharvest Biol Technol, 45: 1-10. 

Harborne JB, Williams CA. 2000. Advances in 
fiavonoids research since (1992). 
Phytochem, 55: 481-504. 

Heim KE, Tagliaferro AR, Bobilya DJ. 2002. 



AJP, Vol. 2, No. 3, Summer 2012 



144 



Evaluation of antioxidant activity of Malus domestica 



Flavonoid antioxidants: chemistry, 
metabolism and structure-activity 
relationship J Nut Biochem, 13: 572-584. 

Huang D, Ou B, Prior RL. 2005. The chemistry 
behind antioxidant capacity assays. J. Agric 
FoodChem, 53: 1841-1856. 

Iacopini P, Camangi F, Stefani A, Sebastiani L. 
2009. Antiradical potential of ancient Italian 
apple varieties of Malus domestica Borkh. 
in a peroxynitrite-induced oxidative process. 
J Food Comp, Anal. 

doi:10.1016/j.jfca.2009.05.004. 

Ju Z, Bramlage WJ. 1999. Phenolics and lipid- 
soluble antioxidants in fruit cuticle of apples 
and their antioxidant activities in model 
systems. Postharvest Biol Technol, 16: 107- 
118. 

Kahkonen MP, Hopia AI, Vuorela HJ, Raucha 
JP, Pihlaja K, KujalaTS, Heinonen M .1999. 
Antioxidant activity of plant extracts 
containing phenolic compounds. J. Agric 
Food Chem, 47: 3954-3962. 

Kalt W, Forney CHF, Martin A, prior RL 
.1999. Antioxidant capacity, vitamin C, 
phenolics and anthocyanins after fresh 
storage of small fruit. J Agric Food Chem, 
47: 4638-4644. 

Kondo S, Tsuda K, Muto N, Ueda Jin-Etsu . 
2002. Antioxidative activity of apple skin 
or flesh extracts associated with fruit 
development on selected apple cultivars. 
Sci. Horti, 96: 177-185. 

Lata B. 2007. Relationship between apple peel 
and the whole fruit antioxidant content: 
Year and cultivar variation. J. Agric Food 
Chem, 55: 663-671. 

Lata B. 2008. Apple peel antioxidant status in 
relation to genotype, storage type and time. 
Sci. Horti, 117:45-52. 

Lata B, Trampczynska A, Paczesna J. 2009. 
Cultivar variation in apple peel and whole 
fruit phenolic composition. Sci. Horti, doi: 
10.1016/j.scentia. 2009.01.038. 

Lee KW, Kim YJ, Kim DO, Lee HJ, Lee CHY 
.2003. Major phenolics in apple and their 
contribution to the total antioxidant 
capacity. J Agric Food Chem, 51: 651-6520. 

Lu Y, Foo Y. 2000. Antioxidant and radical 
scavenging activities of polyphenols from 
apple pomace. Food Chem, 68: 81-85. 

Manach C, Scalbert A, Morand C, R'em'esy C, 
Jim'enez L. 2004. Polyphenols: food 
sources and bioavailability. Am J Clin Nutr, 
79: 727-747. 



Miraliakbari H, Shahidi F. 2008. Antioxidant 
activity of minor components of tree nut 
oils. Food Chem, 111: 421-427. 

Robards K, Prenzler PD, Tucker G, Swatsitang 
P, Glover W. 1999. Phenolic compounds 
and their role in oxidative processes in 
fruits. Food Chem, 66: 401-436. 

Sadeghipour M, Terreux R, Phipps J. 2005. 
Flavonoids and tyrosine nitration: structure 
activity relationship correlation with 
enthalpy of formation. Toxicol In Vitro, 19: 
155-165. 

Sarker SD, Latif Z, Gray AI. 2006. Natural 
products isolation (p. 20) (2nd ed.). New 
Jersey, USA: Humana Press Inc. 

Shoji T, Akazome Y, Kanda T, Ikeda M. 2004. 
The toxicology and safety of apple 
polyphenolic extract. Food Chem Toxicol, 
42: 959-967. 

Slinkard K, Singleton VL. 1977. Total phenol 
analyses: automation and comparison with 
manual methods. Am J Enol Vitic, 28: 49- 
55. 

Tepe B, Daferera D, Sokmen A, Sokmen M, 
Polissiou M. 2005. Antimicrobial and 
antioxidant activities of the essential oil and 
various extracts of Salvia tomentosa Miller 
(Lamiaceae). Food Chem, 90: 333-340. 

Tsao R, Yang R, Xie SH, Sockovie E, 
Khanizadeh SH. 2005. Which polyphenolic 
compounds contribute to the total 
antioxidant activities of apple? J. Agric 
FoodChem, 53:4989-4995. 

Van der Sluis AA, Dekker M, De Jager A, 
Jongen WMF. 2001. Activity and 
concentration of polyphenolic antioxidants 
in apple: effect of cultivar, harvest year, and 
storage conditions. J Agric Food Chem, 49: 
3606-3613. 

Velioglu YS, Mazza G, Gao L, Oomah BD. 
1998. Antioxidant activity and total 
phenolics in selected fruits, vegetables and 
grain products. J Agric Food Chem, 46: 
4113-4117. 

Vieira FGK, Borges G. DSC, Copetti C, 
Amboni RDDMC, Denardi F, Fett R. 2009. 
Physico-chemical and antioxidant properties 
of six apple cultivars (Malus domestica 
Borkh.) grown in southern Brazil. Sci Horti, 
122: 421-425. 

Wang SY, Lin HS. 2000. Antioxidant activity 
in fruits and leaves of blackberry, raspberry, 
and strawberry varies with cultivar and 
developmental stage. J Agric Food Chem, 
48: 140-146. 



AJP, Vol. 2, No. 3, Summer 2012 



145 



